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Environmental data analysis and information provision are considered of great importance for people, since en-
vironmental conditions are strongly related to health issues and directly affect a variety of everyday activities.
Nowadays, there are several free web-based services that provide environmental information in several formats
with map images being the most commonly used to present air quality and pollen forecasts. This format, despite
being intuitive for humans, complicates the extraction and processing of the underlying data. Typical examples of
this case are the chemical weather forecasts, which are usually encoded heatmaps (i.e. graphical representation
of matrix data with colors), while the forecasted numerical pollutant concentrations are commonly unavailable.
This work presents a model for the semi-automatic extraction of such information based on a template configu-
ration tool, on methodologies for data reconstruction from images, as well as on text processing and Optical
Character Recognition (OCR). The aforementioned modules are integrated in a standalone framework, which is
extensively evaluated by comparing data extracted from a variety of chemical weather heat maps against the
real numerical values produced by chemical weather forecasting models. The results demonstrate a satisfactory
performance in terms of data recovery and positional accuracy.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The analysis of environmental data and the generation, combination
and reuse of related information, such as air pollutant concentrations, is
of particular interest for people. Environmental status information (in
particular, the concentration of certain pollutants in the air) is consid-
ered to be correlated with a series of health issues, such as cardiovascu-
lar and respiratory diseases, it directly affects several outdoor activities
(e.g. commuting, sports, trip planning, agriculture) and therefore it is
strongly related to the overall quality of life. In addition, the analysis
of environmental information is often a prerequisite for the fulfillment
of legalmandates on themanagement and preservation of environmen-
tal quality, according to the EU's and other legal frameworks (Karatzas
and Moussiopoulos, 2000). With a view to offering personalized deci-
sion support services for people based on environmental information

regarding their everyday activities (Wanner et al., 2012) and supporting
environmental experts in air quality preservation tasks, there is a need
to extract, combine and compare complementary and competing envi-
ronmental information from several resources in order to generate
more reliable and cross-validated information on the environmental
conditions. One of themain steps towards this goal is the environmental
information extraction from heterogeneous resources.

Environmental observations are automatically performed by spe-
cialized instruments, hosted in stations established by environmental
organizations, while the forecasts, which are used to foretell weather
conditions, the levels of pollution or pollen concentration in areas of
interest, are provided by environmental prediction models, the output
of which are gridded numerical data, henceforth referred to as ‘actual’
or ‘original’ data. In practice only a few of the data providers make
available to the public somemeans of access to their actual (numerical)
forecast data, while the majority publishes the results in the form of
preprocessed images, that address specific environmental pressures
(like air pollution concentrations), for specific temporal scales (usually
in the order of hours or days), and for specific geographical areas of in-
terest. However, even if the original data values of environmental infor-
mation had been available, these would commonly be presented in
various technical formats, using various coordinates and spatial resolu-
tions, different units, and several other choices (e.g., Kukkonen et al.,
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2012). It can therefore be a laborious task to convert these data files to
the same harmonized format, for inter-comparison purposes. Conse-
quently, the main sources of environmental information for everyday
use are web portals and sites, which provide a variety of information
of diverse spatial and temporal nature. Although the weather forecasts
are usually presented in textual format (Moumtzidou et al., 2012b),
important environmental information such as the air quality and pollen
forecasts is encoded inmultimedia formats (Karatzas, 2005). Specifical-
ly, the vast majority of such environmental data are published as static
heatmaps (i.e. graphical representation of matrix data with colors), or
as sequences of heatmaps (time-lapse animations). A characteristic
example of a heatmap is presented in Fig. 1 (generated by the SILAM
model, courtesy of FMI). However, since this information comes from
different providers and is presented in a variety of not intercomparable
and compatible visual forms, it is not possible to directly combine them
and compile a synthetic service that takes into account all available data
sources. In order to deal with this problem, it is necessary to design and
develop a model that is capable of extracting environmental informa-
tion from heatmaps and translate them to a structured numerical for-
mat. The processing of images for their conversion into numerical data
would comprise the core of environmental data recovery techniques,
at least in the air pollution and the pollen concentration domains.

In this context, this paper addresses the extraction of air quality and
pollen forecasts from heatmaps, by proposing a semi-automatic frame-
work, which consists of three main components: an annotation tool
for administrative user intervention used for generating configuration
templates for each heatmap, an Optical Character Recognition (OCR)
and text processing module used for fetching text information em-
bedded in the image and making the necessary corrections, as well
as the AirMerge heatmap processing module (Epitropou et al., 2011)
that allows for the automatic harvesting, annotation, harmonization
and reconversion of heatmaps into numerical data. The framework is

evaluated against the AirMerge system and various chemical weather
forecast datasets. It should be highlighted that the AirMerge system,
per-se, does not include an automated annotation process, therefore
any heatmap harvesting and parsing procedure must be manually
scripted, even though the programmatic generation of certain types of
highly repetitive scripts e.g. to handle series of images from one same
provider, is possible. On the contrary, the proposed framework aims
at automating this scripting process, by generating the configuration
scripts required by AirMerge on a per-case basis via optical heatmap
analysis, the use of graphical templates and machine automation. The
results of the resulting scripts are then compared to those obtained
by using the best manually configured AirMerge scripts for a given
heatmap template, and the differences in their setup and final data
extraction results are discussed.

The contribution of this work is a novel framework that integrates
multimedia annotation and processing modules, in order to allow for
the semi-automatic extraction of air quality and/or pollen forecast
data presented in heatmaps. Specifically, this framework integrates
multimedia configuration components (annotation tool), advanced sys-
tems for heatmap image processing (AirMerge) and optimized OCR
techniques. These modules are integrated in a standalone, user-based
interface that allows for template-based customization of heatmaps
and thus assists in handling several formats of heatmaps. This paper
substantially extends the works presented in Moumtzidou et al.
(2012a) and Vrochidis et al. (2012), which have demonstrated the ini-
tial results of this framework, by providing an extensive evaluation,
which includes a comparative study of the proposed framework against
themanually configured AirMerge system and real numerical data pro-
vided by forecast models for a variety of providers.

This paper is structured as follows: Section 2 presents the previous
research on heatmap analysis and content extraction, Section 3 de-
scribes the results of studies on the presentation format of environmental

Fig. 1. An example of an air quality heatmap: the forecast of NO2 concentrations (μg/m3) at 8 UTC time of 6 December 2012, using the SILAM chemical transport model.
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